The current study was performed to (1) understand the distribution of airborne fungi culturable on dichloran-glycerol agar (DG18) media over a oneyear monitoring period, (2) identify the types of airborne fungi collected, and (3) compare and contrast underand above-ground spaces, in two railway stations in Tokyo, Japan. Methods: Measurements of airborne fungi were taken at stations A and B located in Tokyo. Station A had under-and above-ground concourses and platforms whereas station B had spaces only above-ground. Airborne fungi at each measurement position were collected with an air sampler on DG18 media. After cultivation of the sample plates, the number of fungi colonies was counted on each agar plate. Results: In station A, the underground platform was characterized as (1) having the highest humidity and (2) a high concentration of airborne fungi, with (3) a high proportion of non-sporulating fungi (NSF) and Aspergillus versicolor. There was a strong positive correlation between the concentrations of airborne particles and fungi in station A. Common aspects of the two stations were (1) that fungi were mostly detected in autumn, and (2) there was no correlation between the humidity and concentration of fungi throughout the year. Conclusions: The results of this study indicate that the distribution and composition of fungi differ depending on the structure of the station.
The presence of fungi is one important factor that affects indoor air quality. Many studies on airborne fungi in housing and office buildings have recently been reported. Associations between fungal growth and health symptoms in buildings have also been reported 1, 2) . Fungal growth has become a particular concern owing to (1) the rising incidence of allergies [3] [4] [5] [6] , (2) infections [7] [8] [9] , (3) release of mycotoxin 10, 11) , and (4) volatile organic compounds (MVOCs) 12, 13) . The distribution of fungi in public transport systems, such as in airplanes and automobiles, has been reported [14] [15] [16] . However, reports related to railway environments [17] [18] [19] , especially in Japan, are very limited. In Japan, railways are the most widely utilized public transportation system. Every day, about 60 million people use the railway system, with about 16 million people using the subways. About 7% of all railway stations in Japan and about 48% of stations in central Tokyo are built underground. Some trains that run from suburban areas travel into underground station spaces in central Tokyo. Fungi floating in suburban air could be brought into these underground spaces. Generally, railway passengers have a keen interest in the indoor environmental quality in stations and report any unpleasant odors, such as moldy and dusty odors 20) . Thus, it is important to understand the microbial environment of railway stations, including both under-and above-ground stations.
The objectives of the current study were to (1) understand the distribution of airborne fungi culturable on dichloran-glycerol agar (DG18) media over a oneyear monitoring period, (2) identify the types of airborne fungi collected, (3) compare and contrast under-and above-ground spaces, and (4) correlate concentrations of airborne particles and fungi, in railway stations in Japan. The data collected in the current study could be useful in
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designing and maintaining railway stations with the emphasis on limiting public exposure to microbes.
Materials and Methods

Railway stations
Measurements of airborne fungi were taken at stations A and B located in Tokyo. Station A had both underground and above-ground concourses and platforms. Station A was chosen as a model station, since data between underand above-ground spaces within one station could be compared. There were five measurement positions in station A: underground platform, underground concourse, above-ground concourse, above-ground platform and a position immediately outside the station was used as a control. Located about 6 km from station A, station B had only above-ground spaces and was selected as a model of an over-track station. There were three measurement positions in station B: above-ground concourse, aboveground platform and outside the station as a control (similar to that of station A). Trains arriving at stations A and B came from within a radius of about 80 km from station A.
Collection of airborne fungi
Airborne fungi were collected with an air sampler (M Air T, Millipore Co., MA). The air sampler was installed at a position about 150 cm above the floor as shown in Fig. 1 , and was set to take in 200 l (0.2 m 3 ) of air for one and half minutes. Airborne fungi within 0.2 m 3 of air were captured on agar plates that were set in the air sampler. Dichloran-glycerol agar (DG18, Merck KGaA, Darmstadt) media was used to collect the airborne fungi. Sampling was performed twice at each measurement position. The sample plates were cultivated at 30°C for three days 21) , then the number of fungi colonies was counted on each agar plate. All fungal concentrations were expressed as CFU per cubic meter of air (CFU/m 3 ). Temperature and relative humidity were also recorded at each measurement position by a digital temperaturehumidity sensor (CTH-170, Custom Co., Tokyo). Airborne fungi in 0.2 m 3 of air were also collected immediately outside stations A and B on the same day, serving as controls. The study was conducted from June, 2003 to May, 2004 over 12 mo and collections were performed twice a month.
Identification of airborne fungi
Another group of agar plates on which airborne fungi were collected with the air sampler, were cultured for five to seven days at 25°C. Oatmeal agar and Czapek yeast agar were used for identification of fungi. After pure culture, fungi were identified morphologically [22] [23] [24] [25] at the genus level. Aspergillus spp. were identified at the species level. Fungi species that did not produce spores under the culture conditions provided were defined as non-sporulating fungi (NSF).
Analysis
The statistical analyses were performed separately for station A and B data. The data were statistically analyzed with non-parametric procedures, the Kruskal-Wallis Htest and post hoc with the Mann-Whitney U-test by SPSS version 16.0J (SPSS Inc., Chicago). A significance level of p<0.05 was used, with the exception of post hoc Bonferroni correction (α/n; α=0.05).
Collection of airborne particles
Airborne particles, up to about 10 µm, in station A were counted by a digital dust indicator (P-5H, Sibata Co., Tokyo), for one minute at each of the measurement positions. The K value, 0.001 mg/m 3 , was calculated using stearic acid particles of average diameter 0.3 ± 1.25 µm with a Lamer-type particle generator. To understand the relationship between the concentrations of airborne particles and fungi in station A, both were measured at the same time. Table 1 shows the average concentrations of culturable airborne fungi (CFU/m 3 ) at each measurement position in stations A and B throughout the year. There were significant differences among the concentrations of airborne fungi at the five measurement positions of station A (Kruskal-Wallis H-test, p<0.05). The concentration of airborne fungi at the underground platform of station A was higher than those of the three above-ground Table 2 ), and the highest concentration of airborne fungi was in the autumn in station A. The fungi concentration at the underground platform, however, was not significantly different between summer and autumn (Table 3) , and the fungi concentration at the underground platform was not at its highest in autumn.
Results
Concentrations of airborne fungi in the stations
Compared to other measurement positions, the relative humidity at the underground platform in station A was higher throughout the year. The average humidity measured at the underground platform in station A was 86.3% in the summer, 75.0% in the spring, 72.0% in the autumn, and 60.0% in the winter, 24.0, 29.5, 30.5, and 28.8 percentage points higher, respectively, than outside control air. Several minutes before the trains arrived at the underground platform, the humidity increased by about 10 percentage points, with air from the tunnel blowing towards the underground platform. At station A, there were positive correlations between the concentration of airborne fungi and the humidity in winter (r=0.57) and summer (r=0.48), but there was only a weak positive correlation throughout the year (r=0.30).
Figure 2 (c) shows the relationships between relative humidity and the concentration of airborne fungi during summer and winter for station B, and Fig. 2 (d) shows the relationships during autumn and spring. At station B, the average concentration of airborne fungi did not change significantly among the three measurement positions throughout the year ( Table 1 ). The average concentration of fungi of all measurement positions in the autumn was significantly higher than in the other seasons (MannWhitney U-test with Bonferroni correction, p<0.05, Table  2 ). Therefore, the highest concentration of airborne fungi was in the autumn at station B.
The average humidity measured at the above-ground concourse of station B was 63.5% in the summer, 44.5% in the spring, 42.5% in the autumn, and 30.8% in the winter, 2.7, -1.5, 9.2, and 1.6 percentage points higher, respectively, than that at the control position. In station B, although there was no correlation throughout the year (r=-0.03), there was a positive correlation between the concentration of airborne fungi and humidity in the winter (r=0.66) and a negative correlation in the summer (r=-0.52). Table 4 lists the various airborne fungi collected in the two stations. In the underground platform of station A, non-sporulating fungi (NSF) was the most dominant taxa (62.6%), followed by Aspergillus (16.1%), Cladosporium (16.0%), and Penicillium (4.9%). In the above-ground platform, above-ground concourse and control position of station A, the most commonly identified fungi were Cladosporium, Aspergillus, Penicillium, and NSF, with the prevalence of each fungus different at each measurement position. In the above-ground platform, above-ground concourse and control position of station B, the most commonly identified fungi were similar to those found at station A. Like station A, the prevalence of each fungus was also different at each measurement position. Figure 3 shows the relationship between concentrations of airborne particles and fungi in station A. There was a strong positive correlation between the concentrations of airborne particles and fungi in station A (r=0.96).
Identification of airborne fungi in the stations
Correlation between the concentrations of airborne particles and fungi
Discussion
High fungi concentration at the underground platform and in autumn
In the current study, the range of concentrations of fungi in stations A and B was 0-2,445 CFU/m 3 (Table 1) , so 
our data are within the ranges reported in other studies. Awad reported the concentration of airborne fungi in subway stations in Egypt, using malt extract agar (MEA) media, was 0-1,250 CFU/m 3 , an average ( ± S.D.) of 800 ( ± 420) CFU/m 3 17) . In addition, Cho et al. reported the concentration of airborne fungi in five subway stations in Korea, using MEA media, was 16-3,684 CFU/m 3 , an average of 1,023 CFU/m 3 18) . By comparison, the concentration of airborne fungi in a Japanese home, using DG18 media, was 13-3,750 CFU/m 3 , an average of 252 ( ± 383) CFU/m 3 26) . Previous studies, however, have not evaluated a possible change in the concentration of fungi over seasons. In this study, concentrations of fungi in stations A and B were highest in autumn.
At the underground platform of station A, the concentrations of fungi of six samples exceeded 1,000 CFU/m 3 in autumn ( Fig. 2 (b) ). When the total concentration of fungi of an indoor environment exceeds 1,000 CFU/m 3 , this may be considered a contaminated environment 27) . Cho et al. suggested that dust that contains fungi could have been the source of airborne fungi, the concentration of which was elevated by the resuspension of dust 18) . Our data supports this contention, in that there was a strong positive correlation between the concentrations of airborne particles and fungi in station A (Fig. 3) . Furthermore, there was a strong correlation between the concentration of airborne particles and wind velocity at some underground platforms (r=0.79, T. Kawasaki and Y. Izumi, unpublished data). Thus, air convection due to trains entering the underground platform from the tunnel could possibly re-suspend particles containing fungi spores, resulting in their detection as airborne fungi.
High detection of NSF and A. versicolor at the underground platform
In station A, NSF were dominant at the underground platform. Non-sporulating fungi that did not produce spores by culture are either (1) a kind of fungi originating from plants and the soil and easily lose spore production, or (2) fungi and mushrooms that cannot produce spores under the culture conditions used in the current study [28] [29] [30] . Although, mushrooms and decaying wood that are used as building materials, could be the source of NSF in underground spaces, more studies are needed to understand this result.
A. versicolor was most prevalent at 8.2% of the total fungi concentration in the underground platform of station A and 8.6% in the above-ground concourse of station B (Table 4) . A. versicolor in the total Aspergillus in station B were detected at almost the same rates, 50.0% and 55.6%, in the control and the above-ground concourse, respectively. Because station B is built over the railway track and its concourse is open to the outdoor air, the indoor air in the concourse is similar to the outdoor air. On the other hand, A. versicolor in the total Aspergillus, in the control and underground platform of station A, was detected at rates of 12.5% and 50.6%, respectively.
A. versicolor can germinate, grow, and sporulate on agar at water activity (A w ) as low as 0.75 in the optimal temperature range and at A w of 0.82-0.90 at 10-12°C. The optimum A w for growh varies between 0.965-0.98 at 12-25°C 13) . A. versicolor is frequently isolated from water-damaged building materials [31] [32] [33] [34] [35] . Because A. versicolor can grow on damp building materials' surfaces and dust at lower relative humidity, it can be a primary coloniser in moist buildings 13) . Compared with the aboveground spaces of stations, it seems that dust easily accumulates on the surfaces of building materials and the inner walls of underground tunnels in underground spaces. Therefore, it seems that growth of A. versicolor in accumulated dust on building materials may have resulted in its high detection at the underground platform.
On the other hand, the detection rate of Cladsporium at the underground platform was lower than that at the other measurement positions of station A (Table 4) . To our knowledge, reports on microbial growth related to railway facilities, especially identification of airborne fungi in stations to the species level like the current study, are very few. To better understand the significance of the presence of A. versicolor and the low presence of Cladsporium, a comparison with more extensive microbial data from other railway stations is needed.
Transience of other Aspergillus spp.
Aspergillus fumigatus, known to cause pneumonia, was detected in only one colony from the control position of station A and the above-ground concourse of station B (Table 4) . At the underground platform of station A, Aspergillus ochraceus and Aspergillus flavus, some strains of which are known for their mycotoxigenicity, were detected at 0.84% and 0.09%, respectively, of the total (Table 4) . These fungi are infrequently detected in indoor and outdoor air in Japan 26) . To confirm the detection frequency of these fungi, the collection and identification of these fungi were repeated. At the underground platform, A. ochraceus and A. flavus were detected at relative concentrations of 0.58% (2/345) and 0% (0/345). Therefore, it seems that these fungi are transient, and did not grow in station A.
Temperature of fungi culture
Abe reported that the average diameter of Aspergillus colonies cultured at 35°C for the first 24 h and at 27°C for the next 24 h, was 3.3-3.9 times as large as that of colonies cultured at 27°C for 48 h 36) . Aspergillus colonies were found after 24 h culture at 35°C, but not found after 24 h culture at 27°C. Therefore, it seems that diameter and the number of Aspergillus colony cultured at 30°C are probably larger than those cultured at lower temperatures.
Negative correlation at station B in summer
We calculated the correlations between the concentration of airborne fungi and humidity of each control and above-ground position in each season for stations A and B, and some correlations showed negative (data not shown). The correlation was negative (r=-0.38) even at the control of station B in summer. Thus, the correlation of control and above-ground positions, is not always positive.
Public health and safety implications
Because of the increasing incidence of immunological diseases such as allergies and a projected increase in the use of public railway transportation, for the health of the public, it will be crucial to identify the environmental conditions that favor fungal growth. Combined with the growth characteristics of fungi, such information will be helpful in reducing the conditions favorable to fungal growth and the possibility of allergies. In addition, from a public safety standpoint, it will be important to identify the natural and seasonal levels of fungi, such that there can be a rapid decontamination response if it appears that there is an unusual or unnatural increase in a particular organism.
